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Description

[0001] The present invention refers to theobromine or its derivative: for use as an inhibitor of uric acid crystallisation
to avoid the formation of uric acid crystals in urine and as a consequence uric acid renal lithiasis.

STATE OF THE ART

[0002] Itis current knowledge that the fundamental problem of uric acid renal lithiasis lies in the more or less persistent
existence of urinary pH values below 5.5. Urinary supersaturation with uric acid linked to the excretion of this substance
is important but there are almost no cases where it has been demonstrated to be a decisive factor in the development
of urolithiasis. Intuitively, it seems likely that the presence of uric acid crystallisation inhibitors must be relevant, since
in individuals with the same urinary pH values and concentrations of uric acid some form uric acid calculi and others do
not. However, although some in vitro studies of potential uric acid crystallisation inhibitors have been performed, which
have shown that sapponins, glycosaminoglycans and glycoproteins exhibit a remarkable ability to inhibit the crystallisation
of uric acid, there is no known clinical study on this subject.

[0003] Currently, the prophylactic treatment of uric acid renal lithiasis is based on the implementation of dietary meas-
ures to reduce uric acid levels in the urine and in turn increase urinary pH levels. This is why it is recommended to reduce
the excessive consumption of animal protein (red meat, seafood, oily fish, offal, etc.) and alcoholic drinks and to increase
the consumption of fruit (mainly citrus) and vegetables, as well as carbonated drinks. The only pharmaceutical drugs
currently used to treat uric acid renal lithiasis are citrate as a urinary basifying agent and, in those cases where hyper-
uricemia is detected, the synthesis of uric acid in the plasma is reduced through oral administration of allopurinol or
febuxostat in order to inhibit the xanthine oxidase enzyme, which is responsible for the synthesis of uric acid (Grases F
et al,, Urol. Int. 1999; 62(4):201-4; Ngo TC, el al. Rev. Urol. 2007; 9(1): 17-27).

[0004] Bouropoulos C. et al., "The effect of theophylline on in vitro calcium oxalate formation", 2010, Journal of En-
dourology vol. 24, pp. A21-A21 discloses capacity of theophylline to inhibit the crystallization of calcium oxalate mono-
hydrate calculi.

[0005] Shekarriz et al., "Uric acid nephrolithiasis: current concepts and controversies" Journal of Urology, vol. 168,
pp. 1307-1314, discloses the treatment of renal urolithiasis by urinary alkalization for stone dissolution and prevention
of recurrence.

[0006] WO95/15164A1 discloses the use of theophylline, theobromine and derivatives and salts thereof for the chronic
prophylactic treatment of mild asthma.

[0007] Therefore, the therapeutic arsenal available for the treatment of uric acid renal lithiasis is still very limited,
prompting interest in new therapeutic strategies that provide new solutions to this pathology.

DESCRIPTION OF THE INVENTION

[0008] The objective of the new invention is to present a new product for the treatment of uric acid renal lithiasis based
on the discovery of a new and potent uric acid crystallisation inhibitor. This product will be a xanthine derivative, with
the 3 and 7 positions modified by a linear or branched chain containing alkyl groups of one to six carbon atoms, the
chains may be identical or different from each other. For example, with the R4 and R, groups as methyl groups, a
dimethylxanthine called theobromine.

[0009] The theobromine (C;HgN,O,, chemical name 3,7-dimethylxanthine or 3,7-dihydro-3,7-dimethyl-1H-purine-2,6-
dione) is an alkaloid from the methylxanthine family, a family that also includes theophylline and caffeine. Theobromine
has two methyl groups in comparison with the three groups that caffeine contains.

[0010] Therefore, a primary aspect of the present invention relates to a compound with the general formula (1):
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where: Ry and R, are identical or different and represent a C4-Cg alkyl group or any of their pharmaceutically acceptable
salts for use in the treatment and/or prevention of uric acid renal lithiasis.

[0011] The term "alkyl" in the present invention refers to linear or branched saturated hydrocarbon chains that have
1 to 6 carbon atoms, for example, methyl, ethyl, n-propyl, i-propyl, n-butyl, tert-butyl, sec-butyl, n-pentyl, n-hexyl, etc.
more preferably of 1 to 3 carbon atoms and more preferably it is a methyl.

[0012] In a preferred embodiment, R, is an alkyl group (C4-Cj3), more preferably R, is a methyl.

[0013] In another preferred embodiment, R, is an alkyl group (C¢-C3), more preferably R, is a methyl.

[0014] In a more preferred embodiment, R, and R, are both a methyl group.

[0015] Given that it has been demonstrated with the present invention that compounds with general formula (1) are
uric acid crystallisation inhibitors, in another preferred embodiment, the compound with formula (1), as previously de-
scribed, is used to produce a composition intended to reduce risks and improve the health status of patients with uric
acid renal lithiasis.

[0016] Theobromine is found in fairly high concentrations in chocolate. A 50 g piece of black or bitter chocolate, which
contains a minimum of 34% up to a maximum of 98% cocoa, may contain an average of 378 mg theobromine. This
amount of chocolate is obviously safe and can be eaten without any type of side effects. A dose of over 1000 mg has
been safely used in clinical trials without secondary or toxic effects, although it can cause mild stomach upset. A great
amount of cocoa must be eaten for theobromine to have any harmful effects on humans. Although theobromine does
not cause harmful effects in humans it is highly toxic to some domestic animals, including dogs and cats. A low dose of
theobromine in animals can cause cardiac arrhythmias, convulsions and even death.

[0017] Therefore, in a preferred embodiment the present invention refers to the use of a preparation of a compound
with formula (1), more preferably of theobromine, for its use in a composition (pharmaceutical or nutraceutical composition,
functional food or dietary supplement) for the treatment or prevention of uric acid renal lithiasis. The dose used varies
between 100 mg/day up to 380 mg/day.

[0018] The terms "renal lithiasis", "urolithiasis" or "nephrolithiasis" refer to the disorder caused by the presence of
calculi or stones inside the kidneys or the urinary tract (ureters, bladder). Renal calculi are composed of substances
normally found in urine (calcium salts, uric acid, cysteine, etc.) that for different reasons have become concentrated and
precipitated out forming fragments of varying size.

[0019] The term "uric acid crystals" or "uric acid calculi" includes all those processes or conditions that involve / induce
the formation of precipitated solids in the urine that this substance is involved in.

[0020] In a preferred embodimentthe composition is a pharmaceutical or nutraceutical composition or functional food.
[0021] In the present invention, a "nutraceutical composition" or "functional food" is understood as a food that has a
beneficial effect on health. Similarly, the term nutraceutical can be applied to extracts or chemical compounds obtained
from common foods. Examples of foods that have been attributed nutraceutical properties are olive oil, red wine, broccoli,
soybeans, etc. Nutraceuticals are normally used in nutritional mixtures and in the pharmaceutical industry. Just as some
foods can be classified as nutraceuticals it is also possible to classify some nutritional supplements in the same way,
such as, for example, fatty acids such as omega-3 derived from fish oil and from some vegetables or antioxidants and
vitamins.

[0022] The compound with formula (I), and particularly theobromine, can be administered in solid form (including
granules, powder or suppositories) or in liquid form (such as solutions, suspensions or emulsions). It can be administered
in this way or even after being subjected to operations such as sterilisation or the addition of preservatives, stabilisers
or emulsifiers.

[0023] The administration of the compound with formula (1), and particularly theobromine, can be combined with one
or more compounds that facilitate its absorption through a selected administration route. It can, therefore, be administered
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with lactose, sucrose, talc, magnesium stearate, cellulose, calcium salts, gelatine, fatty acids, as well as other similar
substances.

[0024] The pharmaceutically acceptable adjuvants and vehicles that can be used in said compositions are the adjuvants
and vehicles known to experts in the field and are commonly used in preparing therapeutic compositions.

[0025] For therapeutic use, it is preferable if the compound with formula (1), particularly theobromine, is in a pharma-
ceutically acceptable form or is substantially pure, thatis, thatit has a pharmaceutically acceptable level of purity excluding
the normal pharmaceutical additives, such as diluents and carriers, and is free from any materials considered toxic at
normal dosage levels. The purity levels for the active substance are preferably above 50%, more preferably above 70%,
and still more preferably above 90%. In a preferred embodiment, the levels of the compound with formula (1), or its salts
or solvates, are above 95%.

[0026] Throughout the description and the claims the word "comprise" and its variations are not intended to exclude
other technical characteristics, additives, components or steps.

BRIEF DESCRIPTION OF THE FIGURES
[0027]

FIG.1. Kinetics curves for the crystallisation of uric acid (400 mg/l) in synthetic urine at pH=4.67, at different theo-
bromine concentrations. The absorbance (at 550 nm) is plotted against time (in minutes).

FIG.2. Graphical representation of the induction periods (in minutes) for a solution of 400 mg/I uric acid in synthetic
urine, for different pH values and concentrations of theobromine.

FIG.3. Uric acid crystals observed using scanning electron microscopy, obtained in synthetic urine at pH=4.67 in
the absence of theobromine (A) and the presence of 20 mg/l (B) and 40 mg/l (C) theobromine.

FIG.4. Flow diagram of the system used, consisting of a synthetic urine solution and a uric acid solution each driven
by a peristaltic pump with a different flow rate, a T-shaped connection and a chamber containing the uric acid calculus.
FIG.5. Percentage increase in mass (with standard deviation bar) in vitro of renal uric acid calculi fragments from
a single patient, obtained after extracorporeal shock wave lithotripsy, when subjected to a constant flow of synthetic
urine for 48 hours in the presence of different concentrations of theobromine.

FIG.6. Scanning electron microscope image of fragments of renal uric acid calculi that have grown in contact with
synthetic urine without theobromine (A) and with 20 mg/l theobromine (B).

EXAMPLES

[0028] A turbidimeter was used to obtain the kinetic curves for uric acid crystallisation corresponding to a solution of
400 mg/l uric acid in synthetic urine (average composition similar to urine) at different pH and theobromine concentrations.
FIG. 1 shows the kinetic curves for uric acid (without theobromine) at pH=4.67 and for the same uric acid concentration
with 10 mg/l, 20 mg/l and 40 mg/l theobromine added. As can be seen, the induction time (time when crystals begin to
appear) increases considerable with increased theobromine concentration, indicating that this substance acts as a uric
acid nucleation inhibitor.

[0029] The induction times were therefore calculated for 400 mg/l of uric acid in synthetic urine for different pHs and
different theobromine concentrations (Table 2). As can be seen in the graphs in FIG. 2., the induction times increase
with increased theobromine concentrations. In addition, the inhibitory effect is much more pronounced with increased
urinary pH.

Table 1. Induction times (and standard deviation (SD)) for a solution of 400 mg/l uric acid in synthetic urine at different
pH and theobromine concentrations.

Theobromine conc. (mg/l) Induction time (min) SD
0 23 0.07
_ 10 43 0.4
pH=4.39 20 6.8 0
40 15 2.8
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(continued)
Theobromine conc. (mg/l) Induction time (min) SD
0 3 0
_ 10 3.9 0.5
pH=4.50 20 6.9 0.14
40 14.8 1
0 6 0.6
10 13 3
pH=4.67 2 3 3
40 38 4

[0030] The precipitate generated during the turbidimetry experiment was vacuum filtered, the crystals were allowed
to dry and they were then examined under a scanning electron microscope to see if there were any morphological
differences between the crystals formed under differing theobromine concentrations. FIG. 3 shows the crystals generated
in a 400 mg/l solution in synthetic urine at pH=4.67, without theobromine and with 20 mg/l and 40 mg/| theobromine. As
can be seen, the uric acid crystals’ morphology becomes much narrower and more elongated with increasing theobromine
concentrations. This indicates that the inhibitor acts on the crystals’ lateral faces, preventing growth inthat area. Therefore,
in addition to being an inhibitor of uric acid nucleation it also acts as an inhibitor of crystal growth.

[0031] The last experiment performed was a study on the effect of theobromine as an inhibitor of uric acid crystal
growth. In order to do this, fragments of uric acid calculi from the same patient (obtained by extracorporeal shock wave
lithotripsy) were placed in a flow of synthetic urine with 400 mg/| uric acid and different concentrations of theobromine
using a flow system as shown in FIG. 4. This system had two peristaltic pumps. One of them pumped the synthetic urine
without uric acid, at pH=3.00 (4-A). The other pumped a 2 g/l solution of uric acid at pH=10.70 (4-B). The temperature
of both solutions was regulated at 37°C (5). For the phases studying the effects of theobromine it was dissolved in the
synthetic urine solution. These solutions (synthetic urine and uric acid) were mixed in the T-shaped connection (3), to
produce synthetic urine with 400 mg/I uric acid at a pH or around 5.40. The peristaltic pumps had different flow rates as
the final synthetic urine had to have 400 mg/I uric acid and the total daily volume had to be 750 ml, which is the mean
volume of urine that passes through a kidney.

[0032] The solution resulting from the mixing of the uric acid and synthetic urine solutions is passed through a chamber
containing a uric acid calculus of know weight (2), the chamber was located within an oven at 37°C (1). The flow system
is maintained for 48 hours. At the end of this time the calculi are dried in an oven and weighed again. The % increase
in mass is then calculated.

[0033] FIG. 5. shows the percentage increase in mass in relation to the concentration of theobromine. A total of 5
calculi were used for each theobromine concentration. As can be seen, as the theobromine concentration increases the
% in mass of the calculus fragments decreases, with the increase in mass practically zero at 20 mg/I theobromine.
[0034] A total of two fragments were examined using scanning electron microscopy in order to see if there were any
morphological differences between the calculi in relation to theobromine concentration after the calculi were exposed
to the flow process (FIG. 6). It can be seen that when there is no inhibitor the fragments that have grown on the surface
of the calculi are larger than when theobromine is present.

[0035] All the previous experiments demonstrate theobromine’s high capacity to inhibit uric acid crystal nucleation
and growth, with a potential application in the treatment and prevention of uric acid renal lithiasis.

Claims

1. A compound with general formula (1)
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where: Ry and R, are identical or different and represent a C4-Cgq alkyl group or any of their pharmaceutically
acceptable salts for use in the treatment and/or prevention of renal lithiasis, where the renal lithiasis is uric acid
renal lithiasis.

2. The compound for use according to claim 1, where R is a C4-Cj alkyl group.

3. The compound for use according to claim 2, where R, is a methyl.

4. The compound for use according to any of claims 1 to 3, where R, is a C4-C5 alkyl group.

5. The compound for use according to claim 4, where R, is a methyl.

6. The compound for use according to any of claims 1 to 5, where Ry and R, are a methyl group.

7. The compound for use according to any of claims 1 to 6, wherein the compound is comprised in a composition and
where the composition is a pharmaceutical composition, functional food, nutraceutical product or food supplement.

8. The compound for use according to claim 7, where the composition, in addition to the compound with formula (1)
contains lactose, sucrose, talc, magnesium stearate, cellulose, calcium salts, gelatine or fatty acids.
Patentanspriiche

1. Eine Verbindung mit der allgemeinen Formel (1)

j@s
|

Ry
V)
wobei: R4 und R, gleich oder verschieden sind und eine C4-Cg-Alkylgruppe oder eines ihrer pharmazeutisch ak-

zeptablen Salze darstellen zur Verwendung bei der Behandlung und/oder Pravention von Nierenlithiasis, wobei die
Nierenlithiasis Harnsaure-Nierenlithiasis ist.
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Die Verbindung zur Verwendung nach Anspruch 1, wobei R, eine C,-C5-Alkylgruppe ist.
Die Verbindung zur Verwendung nach Anspruch 2, wobei R4 ein Methyl ist.
Die Verbindung zur Verwendung nach einem der Anspriiche 1 bis 3, wobei R, eine C,-C5-Alkylgruppe ist.
Die Verbindung zur Verwendung nach Anspruch 4, wobei R, ein Methyl ist.
Die Verbindung zur Verwendung nach einem der Ansprtiche 1 bis 5, wobei Ry und R, eine Methylgruppe sind.
Die Verbindung zur Verwendung nach einem der Anspriiche 1 bis 6, wobei die Verbindung in einer Zusammenset-
zung enthalten ist und wobei die Zusammensetzung eine pharmazeutische Zusammensetzung, ein funktionelles
Nahrungsmittel, ein nutrazeutisches Produkt oder ein Nahrungserganzungsmittel ist.
Die Verbindung zur Verwendung nach Anspruch 7, wobei die Zusammensetzung, zusatzlich zu der Verbindung mit

der Formel (I), Lactose, Saccharose, Talk, Magnesiumstearat, Cellulose, Calciumsalze, Gelatine oder Fettsauren
enthalt.

Revendications

1.

Un composé de formule générale (1)

i R
2
/
N
HN

)

o N N

|
)

ou : R; et R, sont identiques ou différents et représentent un groupe alkyle en C4-C4 ou I'un quelconque de ses
sels pharmaceutiquement acceptables pour une utilisation dans le traitement et/ou la prévention de la lithiase rénale,
ou la lithiase rénale est une lithiase rénale a I'acide urique.

Le composé pour l'utilisation selon la revendication 1, dans lequel R, est un groupe alkyle en C4-Cj.

Le composé pour l'utilisation selon la revendication 2, dans lequel R, est un méthyle.

Le composé pour l'utilisation selon 'une quelconque des revendications 1 a 3, dans lequel R, est un groupe alkyle
en C4-Cs.

Le composé pour l'utilisation selon la revendication 4, dans lequel R, est un méthyle.

Le composé pour l'utilisation selon I'une quelconque des revendications 1 a 5, dans lequel R4 et R, sont un groupe
méthyle.

Le composé pour I'utilisation selon I'une quelconque des revendications 1 a 6, dans lequel le composé est compris
dans une composition et dans lequel la composition est une composition pharmaceutique, un aliment fonctionnel,
un produit nutraceutique ou un supplément alimentaire.
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Le composé pour I'utilisation selon la revendication 7, dans lequel la composition, en plus du composé de formule
(1), contient du lactose, du saccharose, du talc, du stéarate de magnésium, de la cellulose, des sels de calcium, de
la gélatine ou des acides gras.
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